It is well documented through studies of mammalian species that myelin consists of spirally fused stacks of intimately packed glial membrane pairs, which help to increase the velocity of nerve impulses via insulation [ 1. 21. Although myelin is known to be extremely rich in lipids our emphasis is on the relatively simple proteinaceous make-up of myelin membranes in the central (CNS) and peripheral (PNS) nervous systems. CNS myelin is characterized by the presence of large proportions of the unglycosylated. strongly hydrophobic proteo- ably function in an analogous way, maintaining tight appositions of the external glial faces.
It is well documented through studies of mammalian species that myelin consists of spirally fused stacks of intimately packed glial membrane pairs, which help to increase the velocity of nerve impulses via insulation [ 1. 21. Although myelin is known to be extremely rich in lipids our emphasis is on the relatively simple proteinaceous make-up of myelin membranes in the central (CNS) and peripheral (PNS) nervous systems. CNS myelin is characterized by the presence of large proportions of the unglycosylated. strongly hydrophobic proteolipid protein (P1,P); it is synthesized by oligodendrocytes [ 1, 31. PNS myelin. by contrast, is characterized by massive amounts of the glycosylated PI, protein, also displaying strongly hydrophobic features; this is synthesized by Schwann cells [ 1, 31 . Both PLP and PI, are transmembrane proteins of about 30000 Da; however, they display no sequence similarity and their genomic arrangements as well as their membrane topology are entirely different [ 4-81. Nevertheless, they presumAbbreviations used: CNP. 2',3'-cyclic nucleotide 3'-phosphodiesterase; CNS, central nervous system; MAG, myelin-associated glycoprotein; MHI', myelin basic protein; P I P 3 proteolipid protein; I'NS, peripheral nervous system. ably function in an analogous way, maintaining tight appositions of the external glial faces.
In spite of marked structural differences (see below) oligodendrocytes and Schwann cells share the capacity to synthesize substantial amounts of a hydrophilic protein component of about 18 000 I)a, myelin basic protein (MBP). This protein is presumed to be instrumental as a 'molecular glue' in the adhesion of glial cytoplasmic surfaces [91.
Evolution of myelin proteins
The proteins mentioned above, i.e. PLP, P,, and MHI', are highly conserved within the mammalian class and hence appear well adapted functionally. Hecause mammals constitute only about 10% of all living vertebrates, the question arises of whether the protein composition described above is also valid for the other vertebrate classes, including birds, reptiles, amphibians and bony (teleostei) and cartilaginous fishes (chrondrostei). When brain tissues of all myelin-forming vertebrate classes are examined, the following picture emerges ( Fig. 1 ): CNS myelin proteins of birds, reptiles and amphibians (comprising the group of tetrapods, including mammals) show essentially the same pattern as those of the mammalian class [lo] , the only exception being the absence of DM-20 in amphibians, a PLP-related bodies against anti-mammalian Po upon immunoblotting, whereas anti-mammalian PLP antibodies show no reaction [13] . The Po-relatedness of hydrophobic fish CNS myelin glycoproteins is substantiated further by cDNA sequencing of shark P,, Another feature that differs from tetrapods and even from cartilaginous fishes is the presence of an additional unglycosylated hydrophobic component of about 36 kDa in teleostean fishes [ 15, 161. Upon immunoblotting, the 36 kDa protein reacts with none of the known myelin protein components Thus, these observations suggest a surprising break or hiatus regarding the major hydrophobic CNS myelin proteins when progressing from rayfinned (actinopterygian) fishes (Po) to land-living tetrapod classes (PLP; Fig. 1 ).
At this stage it was of great interest to examine the CNS myelin proteins of lobe-fined (sarcopterygian) fishes. Today only two representatives ~141.
are extant: lungfish and coelocanth. Both groups carry PLP in their brains but no P,). Lungfish PLP is glycosylated [ 17, 181 and reacts only weakly with anti-mammalian PLP antibodies, whereas coelocanth PLP reacts more strongly and is not glycosylated [13, 191. On this immunological basis the coelocanth Latimeria chalumnae rather than the lungfish appears to be more closely related to tetrapods [13, 191. CNS myelin from all vertebrate classes is characterized by the presence of myelin-associated glycoprotein (MAG) [20] . In contrast to MAG'S CNS myelin ubiquity, the myelin-related enzyme 2',3'-cyclic nucleotide 3'-phosphodiesterase (CNP) is expressed in sizeable amounts only in tetrapods [21] and does not occur in CNS myelin of fishes, including PLP-carrying coelocanth and lungfish ( Fig. 1 ).
Taken together, and with caution, CNS myelin proteins may be used as phylogenetic markers. Apart from MHP and MAG, which are found in myelin of all vertebrate classes, P,, in cartilaginous and bony fishes is replaced by PLP not only in tetrapods but also in lungfkh and coelocanth, thus linking these sarcopterygian fishes to tetrapods. Only CNP appears to be a truly tetrapodal marker [19] . However, the role of CNP in tetrapods remains enigmatic, particularly in view of fully functional myelin in lungfish and coelocanth. In this context, the excessively high CNP values in amphibians [19] , and also in larval stages, should be mentioned. The functional purpose of the teleostean 36 kDa protein is entirely unknown to date. Nevertheless its functional significance appears obvious, considering that more than half of all extant myelin-forming vertebrates (i.e. the huge class of bony fish) carry this protein. The glycosylation of lungfish PLP [17, 181, on the other hand, may be an 'oddity' or at best a dead-end specialization and of no importance for far-reaching cladogrammatical considerations.
The following very crucial question now arises: could the Po-producing cells in CNS of bony and cartilaginous fishes possibly be called 'Schwann cells', quasi in analogy to the P,,-producing cells in the PNS of tetrapods? ;intibodies against myelin-specific proteins carried out mitt1 the CNS of a bony fish (trout) have reve;iled ;i close structural similarity with mammalian oligodendrocytes, in that the cells did not show ;I one by one relationship with myelinated axons, but extended rnultiple slender processes to nerve fibres in their vicinity. I Ience, on the basis of morphological criteria these cells have to be classified a s 'oligodendrocytes'. '1'0 further characterize the physiological and biochemical properties of this type of oligodendrocytes, cell cultures of brain tissue from the teleostean trout were employed. Oligodendrocytes dissociated from mature trout brain and highly enriched by I'ercoll density centrifugation 1351 were taken in culture and were analysed irnmunocytochemically using a panel of monoclonal and polyclonal antibodies raised against each of the major myelin constituents of trout CNS 1.15. 361 . After a few, days in vitro the cells adopted a multiple branched morphology (Fig.  2a) , resembling their mammalian counterparts. When kept in cell culture for longer times in the absence of neuronal contacts, oligodendrocytes of the mature trout CNS, in a similar manner to Schwann cells, rapidly ceased to express galactocerebroside, a glycolipid characteristic to myelin [ 25, 361. The myelin 36 kI>a protein and IPI were also rapidly down-regulated, but gradually reappeared after prolonged culture periods [35] . In contrast, expression of the myelin glycoprotein IP2 was maintained constantly at high levels over weeks in culture in the entire absence of neuronal influences, perfectly mimicking the in vitro behaviour of mammalian oligodendrocytes 12.5, 371.
Evolution of myelin-forming cells
During in vivo development the biochemical differentiation of trout oligodendrocytes proceeds in a sequential manner, the individual steps being phenotypically reflected by the consecutive appearance of myelin-specific antigens: the myelin glyco- In contrast with the situation in bony fish, much less is known about the biochemical and physiological features of myelin-forming cells in the remaining lower vertebrate groups, e.g. cartilaginous fish, lungfish or amphibia. Thus, a comparative characterization of glial cells in these species is necessary to allow a more comprehensive description of the phylogenetic relationships among the myelin-forming glia in the different vertebrate classes.
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